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Precious metal nanomaterials possess excellent catalytic performance, and have 
been widely and indispensably used as catalysts in the fields of petrochemical industry, 
fuel cells and automobile exhaust purification, etc. Because of both catalysis and 
electro-catalysis involving surface reaction, the catalytic performance of metal 
nanocatalysts is closely dependent on their surface structure. A large number of 
fundamental researches of metal single crystal electrodes used as model catalysts have 
indicated that high-index faceted nanocrystals (HIF-NCs) of precious metals (e.g., Pd, 
Pt, Au, etc.) display markedly higher catalytic activity than those of NCs bounded by 
low-index facets (LIFs), since the high-index facets (HIFs) have a higher density of 
low-coordinated atoms such as steps, ledges and kinks, which constitute catalytic 
centers. However, the HIFs always hold a higher surface energy, and they are 
disappearing during the growth of a nanoparticle in a conventional synthesis process, 
owing to that the thermodynamics requires minimization of total surface energy of 
NCs. As a consequence, only those NCs enclosed by LIFs and with low total surface 
energy could be obtained. Therefore, the synthesis of HIF-NCs is still a challenge. 
Deep eutectic solvent (DES) is an ionic liquids (ILs) analogues, which has 
excellent physicochemical properties such as good conductivity and wide 
electrochemical potential window. It is an alternative medium in electrochemical 
shape-controlled synthesis of HIF-NCs. 
In this thesis, the electrochemical shape-controlled synthesis method in choline 
chloride (ChCl)-urea based DES has been developed for preparation of Pt, Pd and Au 
NCs bound with HIFs. It has demonstrated that the as-prepared HIF-NCs display 
superior catalytic activity and stability. The main conclusions are as following: 
1. Triambic icosahedral (TIH) Pt NCs bound with {771} HIFs were successfully 
prepared for the first time by the electrochemical method in ChCl-urea based DES. It 
















square-wave potential applied in the synthesis play a key role in controlling the shape 
of Pt NCs. The generation of TIH Pt NCs enclosed with {771} HIFs was achieved 
pivotally by the dynamic interaction between surface adsorption at EU and growth at 
EL, with the present of Pt crystal nucleus. Thanks to the high-density atomic steps, the 
as-synthesized TIH Pt NCs show superior catalytic activity and stability comparation 
with commercial Pt black catalyst towards ethanol electro-oxidation in acid medium. 
2. Concave-disdyakis triacontahedral (C-DTH) Pd NCs bound with 120 {631} 
HIFs were constructed by electrochemical shape-controlling synthesis in the DES. 
The formation of C-DTH Pd NCs with well-defined shape was achieved by the 
dynamic interaction between urea adsorption at EU and growth at EL. In-situ FTIR 
spectroscopic studies revealed that the urea adsorbates at EU play a crucial role in 
shape evolution, especially in the production of C-DTH Pd NCs. It was demonstrated 
that the as-synthesized C-DTH Pd NCs bound with {631} HIFs display higher 
electrocatalytic activity than Pd NCs of other shapes enclosed by {111} low-index 
facets (octahedral (OH) and icosahedral (IH)) towards ethanol electro-oxidation in 
alkaline medium. 
3. {991} high-index faceted concave trioctahedral (TOH), {421} high-index 
faceted concave hexoctahedral (HOH), {331} and {711} high-index faceted stellated 
Au NCs were prepared by using a programed potential-step method in the DES. The 
synthesis of Au NCs enclosed by HIFs was successfully carried out by systematically 
controlling the synthesis parameters, including the seed crystals and the growth 
potential, etc. The results revealed that both the seed crystals and the growth potential 
play a key role in tunning the surface structure of NCs. It was confirmed that concave 
TOH, concave HOH and stellated Au NCs exhibited higher electrocatalytic activity 
than polycrystalline Au electrode for glucose electro-oxidation in alkaline media, 
owning to their high-density step and kink atoms. For concave TOH, concave HOH 
and stellated Au NCs, therein, the electrocatalytic activity at lower potential (-0.35 V) 
increases in the order: concave HOH < stellated < concave TOH; at higher potential 
(0.25 V): concave TOH < stellated < concave HOH. It suggests that the catalytic 
















structure of Au NCs. 
4. The shape evolution of concave Au NCs from concave rhombic dodecahedron 
to concave cube, to octopod, and finally to part hollow octahedron was successfully 
performed by using a constant potential route via carefully adjusting the growth 
overpotential. It has illustrated a new and open route to improve the shape-controlled 
synthesis and evolution of Au NCs by combining DES with electrochemical method. 
By developing the electrochemical method in ChCl-urea based DES in this thesis 
to adjust and control surface structure and growth of precious metal NCs, we have 
successfully prepared TIH Pt NCs, C-DTH Pd NCs and concave TOH, concave HOH 
and stellated Au NCs bound with HIFs, and realized a shape evolution of concave Au 
NCs from concave rhombic dodecahedron to concave cube, to octopod, and finally to 
part hollow octahedron. The present study has enriched the contents of 
shape-controlled synthesis of HIF-NCs, deepened the understanding of the growth 
habits of HIF-NCs in non-aqueous system, DES medium, and made a significant 
progress in the shape-controlled synthesis of HIF-NCs. The as-synthesized Pt, Pd and 
Au NCs bounded by HIFs exhibited superior electrocatalytic activity and stability, 
showing a potential prospect in fuel cells and other important applications. 
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